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The MicroBooNE experiment

Liquid argon time projection
chamber (LArTPC)

Active volume 85 tonnes of
liquid argon 2.6 x 2.3 x 10.4 m?

Largest dataset of neutrino

interactions in liquid argon
(2015-2020)

175 collaborators from 37

institutions in o5 countries
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MicroBooNE LArTPC technology

Light

Charge Readout
from Wire Planes
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Scintillation and ionization signals
used to produce bubble-chamber

like images of events

m o planes of wires with 3mm pitch

Array of 32 PMTs for light readout

Excellent mm-scale spatial

Readout resolution

Excellent calorimetry and low-

energy reconstruction thresholds
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LArTPC — event display

Powerful particle g

' charge

identification

Can reconstruct full

3D image from the

wire planes (and

Drift Time

scintillation flash) ‘[
Color is linked to s uBooNE

T

Run 5280, Subrun 106, Event 5302

deposited charge — 32am
calorimetry Phys. Rev. D 103. 052002
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LArTPC — event display

Powerful particle g

' charge

identification

Can reconstruct full

3D image from the

wire planes (and

Drift Time

scintillation flash) ‘[

Color is linked to Numbet uBOONE’Z
M Da

Run 5280, Subrun 106, Event 5302

deposited charge — M  Neutrino interaction
calorimetry Phys. Rev. D 103. 052002
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Electron/photon separation in LArTPCs

Photon
Candidates

Proton-
Candidate

NC =° + 1 proton candidate data event
Run 15318 Subrun 159 Event 7958
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Electron/photon separation in LArTPCs

uBooNE

Photon
Candidates

g Proton
— “.._  Candidate
Proton i

Candidate
CCv_ + 1 proton candidate data event

NC =° + 1 proton candidate data event
Run 8617 Subrun 46 Event 2328

Run 15318 Subrun 159 Event 7958

Photon initiated showers have distinct gap between interaction vertex and start of the shower,
electrons do not.
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Electron/photon separation in LArTPCs

Phys. Rev. D 104, 052002

MicroBooNE NuMI Data 2.4x10%° POT ~ —+— Beam-On Data (Stat)
Out-of-Cryostat
[ ] Beam-Off Data
[ Neutron
I Muon
I Kaon
I Pion
I Photon
[ Proton

[ Electron
MC + Beam-Off
Stat. Uncertainty

Photon
Candidates

Q
=
o
=
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©
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Proton-
Candidate

NC =° + 1 proton candidate data event CCv_ + 1 proton candidate data event
Run 15318 Subrun 159 Event 7958 AL el SR 008 SRR 2

Starting segment of photon initiated shower has double the deposited charge ( — e'e’)
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BNB and NuMI neutrino beams

Aerial view of Fermilab, Batavia, Illinois, USA
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Neutrino beam (on-axis)

Magnetic Decay Absorber Dirt Detector
focusing horn region
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Neutrinos from the Main Injector (NuMI) neutrino beam

NuMI Beamline Top View
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13% of beam protons don’t interact with the target.

They can produce kaons at the absorber (~100 m from MicroBooNE).
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Overview

Sterile neutrino oscillation
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MiniBooNE low-energy excess (LEE)

MiniBooNE (2002-2019) observed a LEE of electromagnetic events with 4.8c significance.

As a Cherenkov detector MiniBooNE is unable to distinguish between electrons and photons.

= I I I I 1 1 I I I I I | I I I I I I I I I -
= ° Data (stat err.) -
5 + 1 v, fromu” ~
35$. B O v, from K™ |
i 293 ‘ — [ v, from K° _
e ®. A - N 7 misid ]
) - LR %A ANy ~
%3 ;. ' I dirt i
."b > [ other .
Q (0] \ -
S 3 + —— Constr. Syst. Error ]
% T e Best Fit |
5 ‘ i
> _
- LY - 2 + —
X ¢ ) = ]
28.-% .
o © {,v 2 == :
1 —— —
N =z 93 T §
LS . e e S, L -
0 _
0.2 0.4 0.6 0.8 1 1.2 1.4 3.0
ESE (GeV)

HEP2023: Latest results from new physics in MicroBooNE

16/35



MicroBooNE search for the MiniBooNE low-energy excess

Searches using multiple topologies and reconstruction methods: Phys. Rev. Lett. 128, 241801
We found no evidence of a v, excess

X
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Phys. Rev. D 105, 112004
PhVS. Rev. D 105, 112003 y y PhVS. Rev. D 105. 112005
s SV \ Tl

Phvs. Rev. Lett. 128, 111801

HEP2023: Latest results from new physics in MicroBooNE 17/35


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.241801
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.112004
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.112003
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.112005
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.111801

341 light sterile search

Phyvs. Rev. Lett. 130, 011801

Full 3+1 search, extended 4x4 PMNS matrix, relevant elements |Ue|?, |[Upd|?, |Ual?, oscillation parameters Am?;, sin®01s, sin®0s4

Data consistent with 3V hypothesis, exclusion limits calculated using CLs

Limiting factor is degeneracy on V. disappearance and appearance, will be addressed using NuMI beam
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Overview

Heavy Neutral Leptons and Higgs Portal Scalars
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Heavy Neutral Leptons (HNL)

Extension of the PMNS matrix ]Ua4|2 (o= e, i, T)
Flavor eigenstates Yo = Z Ua; Vi +UaaN

We set |U.4|” = |U,4|” =0 and place limits on ‘Uu4’2

105 140 211245 388 493

MeV
|U,u,4|>\\
Focused on these N

— O
p—
p—
P )

’

production and , uF
decay channels Upal
- N
7.(.:I:
Majorana HNL double the rate of Dirac
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Higgs Portal Scalars (HPS)

Portal between SM and dark sector via the Higgs
Neutral real singlet scalar boson mixes with Higgs boson with mixing angle 0

Dark scalar acquires coupling to SM fermions proportional to sin(6) — 0
Further reading: Phys. Rev. D 100. 115039

I
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S d :
K 7T !
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q < q Hadron : %
(not to scale) absorber H BNB NuMI

Production via Kaon decay at rest in the NuMI absorber

mi — m,. ~ 354 MeV — decays to €+6_, ,LL+,LL_, 7T07TD, mt

2022
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.115039

Latest HNL + HPS search (2022)

Searches for HNL and HPS from KDAR from NuMI absorber
HNL: BNB target (2020) — NuMI absorber (2022)
Similar two-track topology — similar selection strategy

SIMULATION KDAR Absorber SIMULATION KDAR Absorber
HNL Decay (Mass 304 MeV) MBOO HPS Decay (Mass 275 MeV)
: -

high

' charge

low
charge

hem
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.092006

Search strategy

* Simulate signal
— HNL: 12 mass points 246 < mpnr, < 385 MeV
— HPS: 8 mass points 212 < myps < 279 MeV

* After preselection, train separate BDTs for each sample using xgboost

A couple of selected background kinematics (for full set see next slide):

600 , Backgrounds:
500, e MicroBooNE NuMI Data

g L POT:5.01x 102 (RHC) ¢ Beam-off: detector

© © ]
© © | NuMI Data : :
= 300+
T h Mgl triggered by cosmic ray
O 100/ == Beam-Off * In/Out-Cryo: neutrino
S ° B Out-Cryov . . )

- 0 o

< < 1 HNL (muy = 304 Mey) iNteractions in/out of
@ x Q 0= 1

5 % the detector

2 8

[a] =

10  -05 00 05 1.0 9 w29 20 40 _ 30

) Longest Track £; [cm]

B = Angle w.r.t. absorber
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.092006

Latest MicroBooNE LLP results: HNLs
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.092006

Latest MicroBooNE LLP results: HPS

First constraints
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experimental
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range of
N
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Overview

Other MicroBooNE BSM searches
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Other BSM: Millicharged particles (in progress)

Millicharged particles: feebly interacting LLPs with fractional charge

ArgoNeuT LArTPC performed such

a search (on-axis with NuMI)

Signal
. ArgoNeuT
L Tafge‘tn J ____________________
st [T -
Decay Pipe Dirt Shht | CTSURE
£ - 675 m »le 240m *
© = o
1033 m (2)
Background
r‘\f\wﬁ - ArgoNeuT
g La[& | Decay Pipe Dirt LBy Gy
S - 675 m >le 240m single hits
______ 1 D —
1033 m (2) SIMULATION of millicharged particle event
3-hit signal, 1 MeV recoil electrons
ArgoNeuT: Phys. Rev. Lett. 124, 131801

Isolated hits with argon electron in a straight line. Favors low-energy hits.
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.131801

Other BSM (in progress)

Dark tridents MICROBOONE-NOTE-1118-PUB

Neutron-antineutron oscillations

MICROBOONE-NOTE-1113-PUB —— MicroBooNE CNN ap =0.1 - - - MicroBooNECNN ap=1
—— MicroBooNE BDT ap =0.1 - - - MicroBooNEBDT ap=1
Signal Simulation 10~ |
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W 1078
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=
o
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1] 3 ®
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nn % Tr + ﬂ: + 371- lo_ilo_z target detector T)_l 2
et
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More HNL and HPS decay channels as well. Stay tuned!
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Short baseline anomalies
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.64.112007
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.64.112007
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.105.065502
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.105.065502
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.105.065502
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.221801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.221801

MicroBooNE search for the MiniBooNE low-energy excess

Searches using multiple topologies and reconstruction methods: Phys. Rev. Lett. 128, 241801

We found no evidence of a v. excess
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To be explored!
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MicroBooNE data

POT (10/12/2015-6/30/2020)
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MicroBooNE first HNL search (2020)

* Phys. Rev D 101, 052001 o

uBooNE
——

SIMULATION 700 MeV HNL Decay
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.052001

MicroBooNE previous HPS search (2021)

* Phys. Rev. Lett. 127, 151803

* Produced at NuMI absorber, decays to ete™
* First BSM e e~ search of any LArTPC

* One candidate event, consistent with

baCkground eXp eCt a,t ion NuMI DATA : RUN 17188 EVENT 1008. JUNE 15, 2018
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